3/4), haemoptysis, and atrial flutter, eight were well (ability index 2), and one disabled (ability index 3). Arterial oxygen saturation at rest was 85-98% (mean (SD) 93'8 (4)%) decreasing to 59-87% (mean 77 (9.5)%) after limited exercise. Symptomatic arrhythmias occurred in four patients, atrial flutter being the most common, and two had sinus node dysfunction. Significant tricuspid regurgitation occurred in four patients. Conclusion-Patients with palliative Mustard operation have a low incidence of symptomatic ventricular dysfunction and despite exercise limitation by hypoxia, continue to live active, near normal lives until their thirties.
The concept of palliative Mustard operation was introduced by Lindesmith et all in 1972 for the treatment of patients with transposition of the great arteries and raised pulmonary vascular resistance. This is an intra-atrial baffle repair which leaves or creates2 a ventricular septal defect and has been shown to give good symptomatic relief over 7-13 years. [3] [4] [5] Knowledge about the state and fate in adults is sparse. This study reports the findings in all adults patients seen in the Grown-up Congenital Heart Unit during the past [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] (mean (SD) 11 (5.7) ) years, 15-20 years after palliative Mustard operation.
Patients and methods
The Grown-Up Congenital Heart Unit database, established in 1976, was searched for patients with complete transposition of the great arteries and a previous palliative Mustard operation referred to a Grown-Up Congenital Heart Unit (adolescents aged 12-19 years and adults) initially at the National Heart Hospital, subsequently in the Royal Brompton Hospital. There were 10 patients (seven women and three men) aged 18 -31 (mean (SD) 25-9 (5-2)) years operated on between 1973 and 1978 at the age of 1-7-15 (mean (SD) 9 (4 6)) years. Table 1 summarises the patients' data. A large ventricular septal defect was left open in eight patients and was created at operation in two. Nine patients had increased pulmonary vascular resistance or biopsy-proven pulmonary vascular disease, or both. Three of these patients (nos 3, 8, and 10) had had previous pulmonary artery banding, but pulmonary vascular resistance was thought to be too high to safely close the ventricular septal defect at the time of the Mustard procedure. Another patient with previous pulmonary artery banding (no. 1) had normal pulmonary artery pressure and had a palliative Mustard operation because of a small right ventricle and straddling tricuspid valve.46 Although this patient did not have increased pulmonary vascular resistance like the other nine and the rationale for leaving the ventricular septal defect open in this case was different, the patent was included in this series as he underwent a palliative Mustard procedure preserving the original principles of the operation. One patient (no. 2) had had previous repair of preductal coarctation of the aorta but the patent arterial duct was left open.
The nine surviving patients were assessed in 1993, 15-20 (mean (SD) 17 (2)) years after the operation. Protocol investigation was performed in the outpatient clinic where eight patients attended regularly; one (no. 9) was investigated in another clinic and data PaUliative Mustard operation for transposition of the great arteries: late results after 15-20 years Eight patients (ability index 2) currently lead active lives. One patient (no. 2) with severe kyphoscoliosis has been classified as ability index 3 for four years since the age of 26 and another (no. 10) who died aged 25 from chronic right heart failure was ability index 3/4 for 3 years before death.
Improvement in symptoms and signs (failure to thrive, heart failure, dyspnoea, and cyanosis) occurred initially in all patients after palliative Mustard operation and was maintained for 13-4 (4.7) years until age [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] (mean (SD) (5) Time after operation (years) Figure 1 Development of heartfailure (HF) and cyanosis (CY) with change in Ability Index (AI) in time after palliative Mustard operation. quent heart failure which was controlled by digoxin and diuretics; since then, the patient has experienced no further deterioration in symptoms or functional state and her ability index remains at 2 20 years after the procedure. Cyanosis in four patients, in two (nos 4 and 9) since the operation and apparent in two (nos 6 and 7) 10-5 and 14 years later, did not progress. (fig 2) . The mean (SD) haemoglobin concentration decreased from a preoperative value of 18-6 (3) (range 15-5-23-5) g/dl to 14-9 (2 7) (range 12-18-7) g/dl 17 (2) years after the operation; this difference was not statistically significant.
One patient (no. 8) with systemic arterial oxygen saturation of 96%, pulmonary artery pressure 50% of systemic (60/35, mean 48 mm Hg), and pulmonary vascular resistance 75% of systemic (7 U.m2) had two uncomplicated pregnancies and two healthy children were delivered normally with combined management of obstetrician and cardiologist. This patient and two others (nos 5 and 6) with pulmonary artery pressures at systemic and 60% of systemic levels respectively had elective sterilization.
PULMONARY ARTERY PRESSURE Table 1 shows the pulmonary artery pressure in patients aged 8-27-8 (mean (SD) 20X2 (6)) years measured 10 (6 3) years after palliative Mustard operation. The pulmonary artery pressure was normal (24/12, mean 18 mm Hg) in one exceptional patient (no. 1) who had had pulmonary artery banding and underwent palliative Mustard operation because of small right ventricular size and straddling tricuspid valve. In the remaining nine patients, the pulmonary artery pressure was systemic in six (nos 2, 3, 4, 5, 7, and 10), two of whom developed haemoptysis, and 50-85% of systemic in three (nos 6, 8, and 9); the mean pulmonary artery pressure being 45-90 (mean (SD) 65-3 (16)) mm Hg and the mean (SD) pulmonary vascular resistance 18 8 (12) U.m2. Two of the patients with previous pulmonary artery banding had systemic pulmonary artery pressures (nos 3 and 10) and in another (no. 8) the pulmonary artery pressure was 50% of systemic. There was no change in pulmonary artery pressure or pulmonary vascular resistance after palliative Mustard operation compared with preoperative values. (5 3)) years, 11-19 (mean 14-2 (3)) years after palliative Mustard operation (figs 3 and 4) which was asymptomatic in five patients (ejection fractions 32-35%) and associated with symptoms in one (no. 10) who died 3 years later from severe right (ejection fraction 14%) and left (ejection fraction 38%) ventricular dysfunction with severe tricuspid valve regurgitation. Four patients (nos 2, 4, 6, and 9) aged 18-31 (mean 27-3 (6)) years retain normal right ventricular function (ejection fractions 51-60%).
The left ventricular (pulmonary ventricle) ejection fractions ranged from 38% to 62-5% (mean (SD) 52-2 (7)%). Among the nine survivors, none had impaired (ejection fraction < 45%) left ventricular function.
Tricuspid regurgitation had developed in seven patients by the age of 14-5-31 (mean (SD) 22-4 (5.4)), [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] (mean (SD) 13 (3)) years after the operation (figs 3 and 4) and was trivial in three (nos 1, 7, and 8), moderate in two (nos 4 and 5), and severe in two (nos 6 and 10), although only one was symptomatic.
Tricuspid regurgitation was present in five of the six patients with impaired right ventricular ejection fraction. Two patients (nos 4 and 6) with moderate and severe tricuspid regurgitation, respectively, had good right ventricular function; tricuspid regurgitation had been present for 6 years and was not progressive in patient no. 4 (aged 30 years) while it was recently detected in patient no. 6 (aged 31). One (no. 3) of the four patients with previous pulmonary banding had mild mitral regurgitation not seen in the rest. None of the patients had obstruction in venoatrial pathways with magnetic resonance imaging or echocardiography. The mean follow up period of 15-20, mean (SD) 17 (2) years is the longest of published reports.35 Most patients in this series (8 of 10) maintained a good Ability Index (2) and were able to work with their lives minimally disturbed by cardiac problems despite the limitation of exercise tolerance from arterial desaturation with cyanosis on exertion.
ARRHYTHMLAS
The results of this study support the findings of others reporting improved exercise tolerance, a rise in arterial oxygen saturation, a decrease in polycythaemia after the procedure up to a mean of years3 410 and also confirm that improvement has been maintained until over 30 years in some.
The major haemodynamic result of the redirection of pulmonary and systemic venous return is the net gain in systemic arterial oxygen saturation achieved by changing streaming and reducing the amount of systemic venous blood reaching the aorta while increasing the effective pulmonary blood flow." The situation becomes like Eisenmenger's syndrome with ventricular septal defect and it can be anticipated that the course will be similar with death from haemoptysis, right heart failure, cerebral incident, or sudden from unanticipated arrhythmia.'2 Right heart failure which occurs in Eisenmenger's syndrome usually after 40-50 years may occur earlier after palliative Mustard operation as hypoxia is established earlier in infancy and in present in childhood. As yet, there is no evidence to confirm this and the left ventricular (pulmonary ventricle) ejection fractions of the nine survivors remain within normal limits, although frank failure has occurred in one.
There has been much concern about ventricular function after the Mustard operation in view of the differences in structure and contraction pattern of the right ventricle functioning as a systemic ventricle and the deleterious effects of preoperative hypoxia on the myocardium."3-'5 Right ventricular and less pronounced left ventricular dysfunction have been reported in asymptomatic and symptomatic patients after the Mustard operation.'31516 Although we found reduced right ventricular ejection fractions in six patients after palliative Mustard operation, it was mild and asymptomatic in five and severe with symptoms in only one (no. 10) who is now dead. It is interesting that progressive and symptomatic right ventricular dysfunction was not common, presumably because of the blow-off valve effect of the ventricular septal defect. The frequency of symptomatic right ventricular dysfunction (10%) is less than that reported after ordinary Mustard procedure '6 (18%) in adult patients of similar age and follow up period, assessed by the same methods and criteria, but the difference is not statistically significant. Despite a high afterload due to increased pulmonary vascular resistance left ventricular function was well preserved in nine patients; and only one patient with previous pulmonary artery banding had mitral regurgitation which was mild and asymptomatic. Tricuspid regurgitation was common (seven of 10 patients; moderate in two and severe in two); this could be explained by the association of a large ventricular septal defect which distorted the anatomy. Tricuspid regurgitation was not associated with symptoms except in one patient (no. 10). Not all the patients with tricuspid regurgitation had right ventricular dysfunction (and vice versa), although they coexisted in five patients.
The seven patients who had serial Holter monitoring were found to have some form of arrhythmia, giving symptoms in four. Recurrent atrial flutter occurred in three patients and was associated with disabling symptoms. The frequency of symptomatic arrhythmia after palliative Mustard operation is similar to that reported after the Mustard procedure.'6 The mechanism of arrhythmia after palliative Mustard operation should be similar to that of Mustard operation involving a diseased sinus node and interrupted atrial pathways,'7 as the intra-atrial rerouting procedure is common to both operations. Sinus node dysfunction, the most common abnormality after the Mustard operation,'6 18 
